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Executive Summary

This is an independent review of the Bering Sea Tanner Crab assessment. The review
meeting focused more on the new TCSAMO02 model framework instead of specific model
configurations. The 'base model' that was described had convergence issues, which should
be investigated further. Fixed likelihood weights, priors, and penalties were used, which
may result in unreliable statistical inference (the confidence statements may be affected,
but also the estimates, as the relative weight between information sources is shifted). The
assessment framework TCSAMO2 is well-designed with respect to the population
dynamics, and it includes a wide range of options and is easily configurable. TCSAMO2 is
thoroughly validated against the previously used model framework TCSAM2013, which
strengthens confidence in its implementation. A simulation study of the model would
further validate the model, and it could also be used to show the correctness of the
statistical properties of the model (unbiased estimates and correct coverage of the
confidence statements). It is planned to implement a model for Tanner Crab in GMACS
(Generalized Modeling for Alaskan Crab Stocks), and in doing so, it is important to carry
over the lessons learned from TCSAMO02 and from this review meeting.

Background

The Alaska Fisheries Science Center (AFSC) requested an independent review of the stock
assessment and projection model framework "TCSAMO02' used to conduct the Bering Sea
Tanner crab stock assessment. The review meeting took place in Seattle, Washington, from
31 July to 03 August 2017.

The model and projection framework was primarily presented by Dr. William T.
Stockhausen and the meeting was chaired by Dr. Martin Dorn. The review panel consisted
of (Drs. Cathy Dichmont, Australia; Norman Hall, Australia; and Anders Nielsen, Denmark).
[ thank everyone at the meeting for clear presentations and inspiring discussions. [ am
especially grateful for William's willingness to produce a great number of additional runs
and outputs during the meeting.

This report documents the independent review of Anders Nielsen. The Statement of Work
is appended to this report.

Description of the reviewer's role

This reviewer has independently read the assessment report, its appendices and all
supplementary documents deemed necessary in preparation for the review, traveled and
participated actively in the review meeting, identified key issues in the assessment,
suggested guidance, fixed issue with model building software, and independently authored
this review report.



Findings for each term of reference

To ensure that all terms of reference are covered and that comments are interpreted with
reference to the correct terms, the terms are listed with corresponding reviewer comments
following.

TOR 1: Statements assessing the strengths and weaknesses of the current Tanner
crab stock assessment model with regard to population dynamics, fishery and survey
components, likelihood components, and model evaluation.

The model framework TCSAMO02 was presented in all details by Dr. William T. Stockhausen.
The focus was mainly on the model framework and less on finding one specific model
configuration for Tanner Crab. For the purpose of the review meeting (and this report), a
model configuration candidate was named the 'base model', which was the model
configuration 'TOA2' (p. 17 in the 'Tanner Crab Assessment Report for the May 2017 CPT
Meeting').

The TCSAMO02 model framework is a new and extended implementation of the previously
used Tanner crab assessment model (TCSAM2013). The new implementation (TCSAMO02)
is more flexible, and allows and supports a wider range of model configurations with
respect to model options, bounds, and priors. Further, it supports additional data types.
TCSAMO2 is implemented such that the different model configurations can be specified via
input files, which is convenient because the user of the model framework generally does
not need to recompile the code when testing different model options.

A huge effort has been undertaken to ensure that the new framework (TCSAMO02) gives the
same results as the old framework (TCSAM13) when configured equivalently. This
strengthens confidence in both implementations.

[t was reassuring to observe that Dr. William T. Stockhausen was able to quickly make
changes to the model configuration and even to the model code to accommodate the
requests from the reviewers. This flexibility is one of the benefits of having the model
framework implemented by the assessment scientist compared to using a general model,
where the assessment scientist is generally only able to manipulate the pre-specified model
options.

The model framework (TCSAMO02) is sufficiently documented with respect to its
mathematical equations and likelihood components, but seems to be lacking a users guide.
The different keywords used to invoke different model options are not described, which
makes it impossible to operate the model framework without a fairly detailed knowledge of
the source code behind the framework.

The model equations of TCSAM (both versions) are tailored especially to describe the
population dynamics of Bering Sea Tanner Crab and the data available. It was stated that
the long term goal for the Tanner Crab stock assessment is to implement a model in GMACS
(Generalized Modeling for Alaskan Crab Stocks), which is another framework for size-
based assessment modeling currently under development, and used for Red King Crab. The
goal would be share code and quality control for a common framework to be used for most



of the crab stocks. Currently, it is not possible to use GMACS for Tanner Crab, because
options are lacking to describe the specific population dynamics of Tanner Crab. It was
stated that work to a Tanner Crab model via GMACS could be expected to begin as early as
the fall 2017.

[t did seem like an unusual timing for a CIE review when plans are to move the model to a
different framework (GMACS), but the strategy of the assessment group appears to be to
use everything developed in TCSAMO2 to expand GMACS. This way the model development,
validation, and review process will remain relevant after the model has been moved to
GMACS.

A strength of the model is that it closely describes the Bering Sea Tanner Crab population
dynamics with respect to recruitment, growth, molting, and maturation. The additional
natural mortality estimated in the isolated period from 1980-1984 to be able to account for
the mismatch between catches and survey did appear a bit artificial, and missing
information about the catch, in that period, seems to be an equally likely explanation.

With respect to the population dynamics part of the model another aspect to consider is to
extend the model spatially, as there are indications of differences in the processes in the
eastern and western parts of the population (size distributions and shell conditions). This
is a huge undertaking but could be considered as a long-term research item.

The fishery and survey components of the model are similar to many commonly used
assessment models. Fixed selection curves are assumed in time blocks before and after
1982. One concern is that some of the survey catchability parameters were hitting the pre-
specified bounds. This is unfortunate because the bounds are generally not set based on
knowledge about the catchabilities, but as a technical measure to force the parameter
estimating routine to focus on the relevant area.

The likelihood function is intended to assign a measure of probability to the actual
observed data for any combination model parameter values. The goal is to use this function
to estimate the model parameters from the data.

The data likelihood for this model uses multinomial distributions to describe the length
compositions, and normal or log-normal to describe total catches. This is standard practice
in assessment models. In addition, TCSAMO?2 is able to use growth data from molt
increments and here uses gamma distribution, which is consistent with the internal growth
model.

Apart from the data driven contributions to the likelihood, there are contributions or
modifications from prior distributions, overall weights of likelihood components, fixed
variances, fixed sample sizes, and penalties for approaching bounds. These are all standard
tools in any assessment practitioner's toolbox, as they can be useful to nudge a problematic
model to converge to a sensible solution. However, it is a concern for the proposed base
model that all these tools are used to a greater degree than desirable and often used in
combination, such that their effect becomes impossible to figure out. The concern is that
the estimated quantities of interest are influenced too much by the subjective penalties,
and hence, not influenced enough by the observations.



Overall, the conclusion is that the assessment framework TCSAMO2 is well developed,
highly configurable, and has sufficient options to describe the Bering Sea Tanner Crab
population and its data sources well. The work to ensure that the results match up with a
similarly configured TCSAM2013 is an important quality control, which greatly strengthens
confidence in the implementation. The base run(s) provided appeared to have convergence
problems (more later), and the subjective penalties are a concern, so the search for a final
set of settings should continue.

TOR 2: Statements assessing the strengths and weaknesses of the current Tanner
crab stock projection model, with regard to methodology.

Forward projections are needed for the stock status determination and over fishing level
(OFL) calculations. These follow Tier 3 for crab stocks as defined by the North Pacific
Fishery Management Council.

A one year projection is conducted consistently with the model assuming average
recruitment from 1982-present. An interesting detail is that this projection includes the
expected catch of Tanner Crab in the snow crab fishery based on the F,; for snow crab
(which then must be determined first).

As no reliable relationship between stock and recruitment can be identified, the MSY
reference points are sensibly based on proxies.

The By sy proxy is defined as 35% of the equilibrium mature male biomass in the absence
of fishing. This equilibrium state is found analytically and validated --- to all decimal points
--- by simulation. The MSY proxy for fishing mortality is defined as the fishing mortality
which results in a MMB at the proxy for By,gy-

The projection model is largely consistent with the model used to describe the stock in the
historic period. This is a strength because this model can potentially be validated by
standard model diagnosis. The only potential concern is the treatment of recruitment. An
average of estimated recruitments from 1982-present is used as a constant recruitment in
all projected years. This is not consistent with the recruitments seen in the historic period,
which fluctuated from year to year. Using a constant average value in place of fluctuating
recruitments will result in a different representation uncertainty of the calculated
equilibrium, which is likely not used anyway. However, it should also be validated that the
equilibrium biomass found by assuming a constant mean value for recruitment in long
term projections is corresponding to the equilibrium (mean or median) found by
simulating recruitments consistently with the historic period. Realistic recruitments could
be obtained by sampling with replacement from estimated recruitments from 1982-
present, or by fitting a parametric distribution to the estimated recruitments (1982-
present) and simulating from the fitted distribution. This validation should be fairly simple
to conduct, because the code already exists to find the equilibrium by step-wise projection,
so the only change is to use different recruitments in each step.

TOR 3: Areview of the fishery dependent and independent data inputs to the stock
assessment with regard to quality of information and appropriateness to the
assessment.



The data used for Tanner crab are biological parameters directed and non-directed catches
and data from an extensive survey.

The NMFS survey for Eastern Bering Sea Continental Shelf Bottom is a standard design
based survey. It supplies size composition data, estimates of abundance biomasses, and
estimated coefficients of variations. In the earliest years of the surveys, the area expanded,
but in the last 30 years the survey area has been constant. The survey provides good
coverage of the spatial area for the Tanner crab stock. The spatial area for Tanner crab
appears well defined, which is also supported by the slope-study conducted in selected
years. The trawl width and measurements techniques with respect to trawl width has also
changed and improved over time. The survey is conducted yearly and mainly in the June-
July period with 30-minute hauls. The catch is sorted and for a sub-sample carapace size,
weight, chela height, and shell condition are determined.

Estimates of abundance biomass (and associated CV) are calculated from a stratified
sampling procedure. A spatial model approach could potentially be used for expanding the
area back in time and provide an objective way to fill in missing cells, and utilize double
measurements and the extra 'hotspot' estimates. However, it is the impression that the
current survey is of high quality and appropriate to use in the assessment.

The fishery dependent data consists of catches, discards, size compositions, and efforts for
the directed fishery and for bycatches in the snow crab, red king crab, and groundfish
fisheries.

Uncertainty for retained catch is trusted to be small, but in the beginning of the time series,
there can be some uncertainty or bias with respect to snow versus Tanner crab, or in
reported landings from non-US fleets. The discarded catch is likely more uncertain, but this
is less of an issue because the model assumes a low handling mortality of ca. 32%.

The observer coverage is 30%, which means that observers are randomly allocated to 30%
of boats and they are monitored for 100% of the trips. A small number of (randomly
selected) pots are then processed by the observers.

Shell condition is used in the model, but the assignments to these categories is a bit
subjective, so there could be an additional uncertainty or bias source here.

The overall impression of the fishery dependent data is that it is well sampled and
appropriate to use in the assessment.

TOR 4: Recommendations for alternative approaches to evaluate model convergence
and compare multiple models.

The model framework TCSAMO2 includes all the needed components and options. The
specific model runs presented did have some concerning issues with respect to
convergence. This is not uncommon for assessment models of this size and complexity, but
they should be resolved before the final model configuration is accepted.

The convergence issues with the current configurations are noticed from three different
observations. The jitter diagnostics, convergence towards bounds.



The so-called jitter diagnostics (where the model is started in a number of different values
in the hope that it -- with few or zero exceptions -- will converge to the same minimum)
was being used in a creative and unconventional way. Instead of using it only to diagnose
convergence it was used as part of the optimization procedure. A normal optimization
routine (AD Model Builder's quasi-Newton) was started in each of the jittered starting
values, and the one resulting in the lowest final likelihood was selected as the final
converged model. This triggered a closer look at the individual jitter runs and each of their
final points of convergence. For one model configuration, only two out of the 200 (from
memory) jitters runs ended up in the same lowest value. For another model configuration,
only about half of the jitters runs ended up in the same lowest value. The same lowest
likelihood value did result in the same estimates of selected parameters of interest. This
jitter analysis indicates that the likelihood surface for the selected model configuration has
multiple local optimums. Selecting the best convergence point among the relative few jitter
runs gives little confidence that the actual global optimum has been located. Notice that the
parameter space for these models is more than 300 dimensional, so 200 initial points are
nota lot.

All the model configurations investigated had some model parameters converging to their
pre-specified bounds. A convergence towards a bound is only considered converged
because the optimization routine (in AD Model Builder) adds a penalty, which is increasing
as the bound is approached. If the penalty was removed, the negative log-likelihood surface
would still be decreasing across the bound, so the real point of convergence could be
outside the bound. The fact that the model converged towards the bounds for some
parameters also indicates that convergence is to a point outside the jitter region, as the
jitter initials were generated uniformly distributed on the interval from L + 0.2(U — L) to
U —0.2(U — L) (where U and L are upper and lower bounds respectively). Wider bounds
were explored but only resulted in convergence to other bounds.

All model parameters were bounded via bound penalties. Bounds penalties are convenient
to use in AD Model builder and often sufficient to nudge the model to converge to a point
inside the given range (away from the bounds). A different technique for bounding model
parameters is to use transformations. E.g. to bound a model parameter a between L and U

—— (U—L)+Lisusedin
the model. This technique does not use penalties, and hence the final likelihood value is
only coming from the model (even if a parameter is close to a bound). Secondly, bounding
by transformations is (in this reviewer’s experience) less likely to get a parameter

artificially trapped at a bound.

an unbounded parameter x € (—oo; o) is defined, but then a =

The profile likelihood was produced for the mature male biomass (MMB) in the last year,
which is an important quantity derived from the model. The profile likelihood did not look
anything like the standard Hessian based normal-approximation (Figure 1). The profile
likelihood increased and decreased very sharply around the estimated point. This was first
taken to indicate that the profile likelihood at the estimate was completely dominated by
the bound penalty, and hence difficult to use for inference.
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Figure 1: The profile likelihood of mature male biomass (blue) compared to the Hessian
based normal approximation

However, after returning from the review meeting, the CIE reviewer Dr. Norman Hall
remembered that he had seen a similar strange result before. Suspicion grew that this
could be caused by a problem with some versions of the model building software AD Model
Builder, which is used to implement TCSAMO2. I tested examples that [ knew had worked
in the past and now they were failing in exactly the same way.
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Figure 2: Likelihood profile (red line) compared to the Gaussian approximation (black line)
in a simple case log(a) in a Beverton-Holt model. The left panel shows the corrected
version and the right panel when the bug is present. The code and data for this example is
available in appendix 4.

Once [ knew it had to be an error in AD Model builder, it was a straight forward (but fairly
time-consuming) process to identify the code commit which caused the error. The code
commit dated back to March 2014 and introduced a wrapper around the gradient
calculation function. The wrapper worked for most things, but not for the profile likelihood
calculation. The commit was rolled back and the profile likelihood was working again. To
make sure that the fix to the profile likelihood did not break any other examples all the
other built in examples were validated. To ensure that the profile likelihood is not broken
again in the future, a test of the correctness of the profile likelihood was added, which will
be tested after all future commits.

To get a problematic model to converge it is often necessary to simplify it first. Then when
the model is sufficiently simplified (e.g. by fixing parameters) it can gradually be expanded
up to the point where it is no longer converging. At this point, it is hopefully possible to
figure out what is causing the lack of convergence.

It may be necessary to choose to fix a parameter, because it is confounded with some other
parameter, and then illustrate the effect via a sensitivity study.

Apart from the data driven contributions to the likelihood the investigated model
configurations contained contributions or modifications from prior distributions, fixed
overall weights of likelihood components, fixed variances, fixed sample sizes, and penalties
for approaching bounds. Many of these contributions are presumably added to get
reasonable output or convergence, but at this point, the joint effect of all these is not



transparent. It would likely be helpful to remove many of these constraints and fixate some
model parameters instead, in order to figure out which parameters are really identifiable.

The jitter analysis is useful to detect a lack of convergence. Another tool is to conduct
simulation studies. Simulate a few data sets from the model and verify that the estimated
model parameters match up with the model parameters used to simulate the data sets. A
simulation study is also an excellent tool to validate many other aspects of the model
performance (coverage of confidence intervals, unbiased estimates, approximations,
implementation, and much more).

When comparing assessment models, it is important to remember that the only thing we
really have to compare them against is the actual observations. Quantities such as
estimated biomasses and fishing mortalities are influenced by model settings, so
comparing models against such quantities could lead to mistakes. Only after validating that
the models sufficiently describe data is it sensible to compare e.g. retrospective
performance with respect to estimated quantities. When comparing two models, it is useful
to look at model validation e.g. residuals and Q-Q-plots. If one model is clearly better at
describing the data then that is a good sign.

An often overlooked way to compare models is to compare predictions. A primary use for
assessment models is to provide predictions, so an obvious way to compare them is to
compare how well they are able to predict the observations one year ahead. The procedure
is simply to optimize the model to the first N years of data and then predict the observation
for the year N + 1 by whatever mechanism the model would use to provide predictions
(some models are more consistent than others).

Finally, the statistical properties of the -- at this point remaining models -- should be
investigated, which includes things like bias, confidence coverage, and retrospective
patterns.

TOR 5: Recommendations for integrating BSFRF surveys into the assessment.

The Bering Sea Fisheries Research Foundation (BSFRF) survey is a set supplementary tows,
which are paired (side-by-side) with some of the tows from the standard NMFS survey. The
supplementary tows are conducted with a fine mesh (Nephrops trawl). The selectivity is
assumed to be 100% for the considered size classes in the BSFRF survey.

This data can be incorporated in the assessment model in many ways e.g.: 1) use the study
only to estimate the catchability of the standard NMFS survey. 2) used both the NMFS and
the BSFRF to produce a joint improved survey index. 3) include both survey data series
into the assessment model. In all cases, it seems important to take account of the paired
nature of the samples. Paired samples can be expected to be correlated, as they are taken at
(almost) the same location. If paired samples are mistakenly treated as independent
samples in the model, then the final uncertainty estimates will not be correct (too small),
but the estimates themselves may also differ because the relative weighting of the different
samples will be incorrect.



E.g. if the goal is purely to inform about the catchability of the standard NMFS survey, then
a model could be something along the lines of the following. Let catches from both surveys
be denoted c;. Here i is a simple index of all single catches-at-size, so corresponding to each
catch is a station number stat;, a size class size;, a survey type sur;, and a year year;.
Assume that the catches follow a Poisson distribution ¢; ~ pois(4;), where:

logd; = logq(sur;) + Lisur,=nmrs) - l0gS(size;) + a(size;, year;) + U(size;, year;, stat;)

In this formulation, there is a catchability for each of the two survey types, a selection
function § for the survey type 'NMFS' (the BSFRF is assumed to have full selectivity for all
included sizes), a relative log abundance size ¢, and finally a random effect U, which is
intended to describe the between station variation. Assume U ~ N (0, 62). Notice that two
paired observations will be described by the same U, and hence be correlated.

This is just a raw outline. In real application, the assumptions must be verified, and it could
possibly be anticipated that catches from neighboring length classes at the same station
could be further correlated, but this can also be accounted for via random effects.

Models like these can sometimes be handled via R-packages for general linear mixed effects
models, but more generally by using random effects in AD Model Builder (Fournier et al.
2012), or in TMB (Kristensen et al. 2016). Similar models have been used in Benoit &
Cadigan (2014).

The supplementary BSFRF tows cover the first 5 minutes of the corresponding NMFS tows.
It is possible that the selectivity of the NMFS trawl changes as the trawl fills up, and hence
that the first 5 minutes are not representative for the average selectivity of the NMFS trawl.

TOR 6: Recommendations for alternative assessment/projection model
configurations.

The TCSAMO02 assessment framework contains all the right components and can be easily
configured and adjusted by the assessment lead Dr. William T. Stockhausen.

The likelihood part of the model configuration could be improved by reducing the use of 1)
bounds penalties, 2) weights, 3) fixed variances, 4) deviance penalties, 5) and prior
distributions. The combination of all of these things makes the inference about quantities
less transparent. Some suggestions could be:

1) Replacing bounded model parameters with unbounded model parameters
transformed into the proper domain (see under TOR 4).

2) removing the overall weights for the different likelihood components --- it is often
confounded with the variance parameters anyway. These likelihood weights are a
quick way of testing influence of different parts of the model, so the option should not
be removed, but in the final model formulation, it is simpler to explain the model if
these weights are all removed.

3) Itis preferable if the model can be formulated, such that it is self-weighting (variances
estimated). It is not always possible, so when it is not fixing variances (or equivalently



sample sizes) can be necessary. In that case, it is important to show the effect by
presenting sensitivity studies.

4) Deviance penalties are fixed parameters. Thus, if used, the effects of the deviance
penalties should be investigated by sensitivity analysis. An alternative to using a
deviance parameter vector with fixed deviance variance is to use random effects. A
vector of parameters (random effects) can be declared and assumed to follow a
normal distribution with mean zero and a variance, which is a parameter to be
estimated. This is a very useful approach to describe many quantities which are time-
varying (see e.g. Nielsen and Berg 2014).

5) The use of prior distributions can be a shortcut to use additional information without
including the data providing the information. The priors are then setup via estimates
and distribution of estimates from an independent study. When priors are instead
used more subjectively to nudge a problematic model convergence, or simply to
express prior expert knowledge, then it is important to clearly demonstrate the effects
of the prior information. A useful way is to plot the prior density together with the
posterior density, because it shows how much of the final estimate is due to
observations and how much is simply prior belief. Sensitivities for important outputs
are also useful.

If the convergence is still problematic after changing the way bounds are handled, then the
model should be configured to fix parameters until stable convergence can be achieved.
The assessment lead has informed the reviewers that he is currently considering
reformulating the survey selectivity, such that it is possible to fix the size-at-99%-selected
to a size near the upper range of the sizes observed in the survey (125 mm CW for females,
175 mm CW for males). This sounds promising, because the survey catchabilities were
among some of the parameters converging to a bound, so they could reasonably be
suspected to be confounded.

[t is recommended to study the effect of sampling from recent recruitment estimates
(1982-present) instead if using the average for the long-term projections (to equilibrium).
See description under TOR 2.

TOR 7: Recommendations for research that would reduce the uncertainty associated
with key parameters assumed or estimated in the assessment.

It is important to understand the selectivity of the survey gear, and the additional BSFRF
survey is available, so including that survey appears to be an important improvement at a
relatively low effort.

[f the BSFRF survey proves to be an important addition with respect to estimating the
selectivity of the NMFS, then it should also be studied if it can improve the predictions. The
BSFRF survey could be used to give an index of the smaller size groups, and hence earlier
states. Its usefulness could be tested by prediction of catches and NMFS indices. If it
improved the predictions, it should be considered if the BSFRF survey should be continued
for more years.



Because AD Model Builder was producing the wrong profile likelihood, it is still unknown
what the true profile likelihood looks like. The profile likelihood, and especially the profile
likelihood for each likelihood component (data source) can show what parts of data are
contradicting each other, which could be causing uncertainty in estimated key parameters.

An alternative to the stratified sampling procedure currently used to calculate biomass
indices could be replaced with a spatial model approach. A spatial model approach could
potentially be used to expand the area back in time and provide an objective way to fill in
missing cells, and utilize double measurements and the extra 'hotspot' estimates.

Data on movement will be important if the model at a later point will be made more
spatially explicit, so it is important to collect data to prepare for that. The movement study
with acoustic pingers seems promising (see Pedersen and Weng 2013 for modeling of such
data).

TOR 8: Suggested priorities for future improvements to the stock
assessment/projection model.

Some fairly large population differences were seen between eastern and western parts of
the stock area in particular with respect to the size compositions. This could suggest that a
more spatially explicit model (possibly including migration) could perform better. It is
however not a small task to formulate, implement, and configure these models. Spatial
models also result in more complex models (with more model parameters) and it is
difficult to predict if the advantage of a more flexible spatial model is big enough to justify
the added complexity.

Random effects (a.k.a. latent variables or state-space models) can be a useful way to
express flexible models with few model parameters. They can be useful for time-varying
effects (as an alternative to penalized deviance vectors without the subjective assignment
of a penalty variance), but even more so within spatially varying population models. Great
advances have been made in tools to efficiently handle models with random effects (both in
AD Model builder, but even more so in Template Model Builder (TMB)).
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Appendix 1: List of documents.

Statement of Work. National Oceanic and Atmospheric Administration (NOAA). National Marine
Fisheries Service (NMFS). Center for Independent Experts (CIE) Program. External Independent
Peer Review. Bering Sea Tanner Crab Stock Assessment Review. [SoW peer review_TannerCrab.pdf]

Tentative Agenda (2017-06-27). Bering Sea Tanner Crab Stock Assessment Review.
[TannerCrab_CIEReviewAgenda.20170627.pdf]

Office of Management and Budget. Memorandum M-05-03. Final Information Quality Bulletin for
Peer Review. [OMB_Peer_Review_Bulletin_m05-03.pdf]

Assessment model runs [AssessmentModelRuns folder]
Base model [BaseModel folder]
ModelRun folder: Folder containing input data and model output for base model.

Miscellaneous data files for alternative model runs, together with R code to prepare
model output for use with R

Base model plus growth data [BaseModel+GrowthData folder]
ModelRun folder: Folder containing input data and model output for base model.

Miscellaneous data files for alternative model runs, together with R code to prepare
model output for use with R

Final model [FinalModel folder]
ModelRun folder: Folder containing input data and model output for base model.

Miscellaneous data files for alternative model runs, together with R code to prepare
model output for use with R

Model comparisons [ModelComparisons folder]

R Markdown code and output for model comparisons and differences for B0, B1, and
B2.

R packages [R_Packages folder]
Compressed files containing R code for utilities to process model output.

Notes on model runs [NotesOnModelRuns.docx]



Files containing executable code, i.e. runTCSAMO2.pin.bat, runTCSAMO02.pin.sh,
tcsam02.exe, and tcsam02.0sx)

Documents
Assessment documents
Report to May 2017 CPT Meeting [201705ReportToCPT folder]

Stockhausen, W. T. (2017). Tanner Crab Assessment Report for the May
2017 CPT Meeting. Alaska Fisheries Science Center, April 2017.
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components, likelihood components, and model evaluation.
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Annex 3: Tentative Agenda
Bering Sea Tanner Crab Stock Assessment Review
NOAA Alaska Fisheries Science Center
7600 Sand Point Way NE

Seattle, WA 98115

August 2017

Monday

09:00Welcome and Introductions

09:15Role of chair and reviewers, terms of reference
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Appendix 4a: Code for example in figure 2 (to test if ADMB is working

correctly).

DATA_SECTION
init _int nR
init _int nC
init_matrix obs(1,nR,1,nC)
vector ssb(1,nR)
1l ssb=column(obs,1);
vector logR(1,nR)
'l logR=column(obs,2);
PARAMETER_SECTION
init _number loga;
init _number logb;
init _number logSigma;
sdreport_number sigmaSq;
vector pred(1,nR);

likeprof_number loga pl // NOTICE

likeprof_number logb pl // NOTICE

objective_ function_value nll;
PRELIMINARY_CALCS_SECTION A

loga_pl.set_stepnumber(50); //!
loga_pl.set_stepsize(0.1); //!
logb_pl.set_stepnumber(50); //!
logb_pl.set_stepsize(0.1); //!

PROCEDURE_SECTION
loga pl=loga; //NOTICE
logb pl=1logb; //NOTICE
sigmaSq=exp(2.0*1logSigma);
pred=loga+log(ssb)-log(l+exp(logb)*ssb);
nll=0.5*(nR*1log(2*M_PI*sigmaSq)+sum(square(logR-pred))/sigmaSq);



Appendix 4a: Data for example in figure 2 (to test if ADMB is working

correctly).
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136650 12.62
150340 13.28
188240 13.42
210350 12.91
239390 13.21
255950 13.99
249430 13.41
259650 13.52
268300 13.23
242970 13.46
213260 13.52
227870 13.59
211000 13.95
181600 12.52
156780 13.18
157780 12.73
159430 13.31
174690 13.68
188650 13.07
189440 12.7

154600 13.39
129290 13.49
120930 13.12
113150 12.53
105380 12.89
98576 12.59

93093 12.47

77977 13.35

70771 12.99

67379 12.82

64748 12.75

69805 12.32

80186 12.81

78796 12.96

75325 12.81

61501 12.77

56104 12.29

47022 12.98

39408 12.38

41458 12.69

36851 12.23

32716 11.83

31164 12.04

27362 12.01

33775 11.66

39558 11.83



